The absorption of light in the photosynthetic process is generally believed to occur through the excitation of electrons in organic molecules to higher energy states thereby initiating a series of reactions. Recently an attempt has been made to fix the theoretical minimum quantum requirement at a number higher than that needed to obey the conservation of energy (2, 3). This argument rests on the application of the second law of thermodynamics to the photon absorption process.
The absorption of light in the photosynthetic process is generally believed to occur through the excitation of electrons in organic molecules to higher energy states thereby initiating a series of reactions. Recently an attempt has been made to fix the theoretical minimum quantum requirement at a number higher than that needed to obey the conservation of energy (2, 3) . This argument rests on the application of the second law of thermodynamics to the photon absorption process.
We wish to point out, however, that application of the second law of thermodynamics to the absorption of a photon by an atom or molecule is not valid, owing to the unique nature of such an interaction. Since the photon does not actually interact weakly with a large number of atoms or molecules but interacts strongly with only one atom or molecule in the case of absorption; those thermodynamic concepts which have been developed for a statistical description of systems having many degrees of freedom cannot be applied to such a single, isolated quantum interaction ( 1 ).
The attempt to introduce second law arguments into the treatment of photon absorption is further complicated by the discussion of the temperature of an incoming photon beam with a prescribed energy distribution. Although it is perfectly proper to speak of the temperature of a gas of photons of various energies distributed according to Planck's formula in radiative equilibrium with the walls of the cavity containing them (the so-called black body); the temperature of a single photon of a certain wavelength or of a beam of photons of a certain wavelength or wavelength range is not a definable quantity. One may define a temperature for such a beam in some arbitrary way, but this temperature will vary with the definition and is not really a measure of any physical property of the photon beam. Indeed if one were to give some sort of characteristic temperature to a collimated beam of monochromatic photons, one might ascribe a temperature close to zero for such a wellordered system. This would be in analogy with the problem of a collimated beam of monatomic molecules all having the same velocity (i.e., zero random motion).
The more serious objection to the use of the second ' Received Dec. 2, 1960. law argument is its application to the photon absorption mechanism which is described in quantum mechanics as an isolated event, of such a nature that the classical ideas of determinism may not be applied (1). This can be easily shown from a consideration of a very well known phenomenon, the photoelectric effect. In this process the initial absorption of the light quanta by the electron always results in the electron absorbing all of the photon energy. This energy may, however, be dissipated in subsequent electron-electron or electron-ion interactions before the electron escapes from the photosurface. One may in principle construct a surface such that each electron excited will escape the photosurface with an energy equal to the photon energy minus the work function (i.e., by using exceedingly thin surfaces, carefully cleaning the metal vacuum interface, etc.). This electron in returning to the metal can now do an amount of useful work equal to the original photon energy. For such a system the overall efficiency and the work done on the photoelectrons will approach the theoretical limit of 100 %. If the efficiency of such a process were to vary with light intensity or the temperature of the photoelectric surface, either the photoelectric current must be non-linear with light intensity or the minimum photon energy necessary to eject an electron must change with light intensity or temperature. Neither event has ever been observed. Either event would violate the basic postulates of quantum mechanics (4). The first event would require that at certain light intensities a non-integral number of photons be absorbed by a particular electron of the metal before it is ejected into the vacuum and the second would require the electronic energy levels in the metal to shift relative to the vacuum level with varying photon intensity. Note that the observed strict proportionality of the photocurrent with light intensity demonstrates that the work done per photon is independent of the light intensity.
If one were to construct a system such that the photon source and the photoelectric specimen were placed in a perfectly reflecting envelope and sufficient time had passed for the various modes of electron excitation and decay in the specimen to be in equilibrium with the photon gas in the envelope, then the laws of thermodynamics could be applied to this system of photoelectric specimen and light source. One could then ask questions about the state of the system PLANT PHYSIOLOGY composed of all the valence electrons of the specimen. In this case, the electrons of the metal are coupled via the photon gas; their actions are not completely independent. Such a situation is not the case in the usual photosynthetic system; equilibrium or quasiequilibrium ideas may not be applied. In this situation each photosynthetic event is completely independent of the other events taking place at other sites in the material.
Although in such a complicated system as the photosynthetic unit there could conceivably be a number of events which would use up the electronic energy imparted by photon absorption (such as fluorescence, radiationless transition, etc. CO, fixation (8, 17) .
The finding (9) that malic acid and aspartic acid are early products of dark CO, fixation is in accord with the operation of these enzymes during organic acid accumulation. The question of which of these enzymes is operative during acid accumulation is unresolved (9, 17) (iii) 
